The influence of supplementing diets with various levels of organic zinc (OZ) on the performance, meat quality attributes, and sensory properties of broiler chickens was investigated. A total of 3,200 1-d-old female broiler chicks were randomly allotted to 16 floor pens (replicates) with 200 birds per pen. A corn-wheat-soybean meal basal diet (control) was formulated and 20 ppm OZ (20 OZ), 40 ppm OZ (40 OZ), or 80 ppm OZ (80 OZ) was added to the basal diet to form four dietary treatments with four replicates per treatment. Live performance of broiler chickens, meat quality, and sensory properties were evaluated. The results showed no significant difference among the treatments for live performance of broiler chickens. Significant increases (p<0.05) in thigh skin epidermis and dermis thickness were shown in the OZ supplementation groups; however, no effect of OZ on the thickness of back skin epidermis or dermis was found. Dietary OZ levels did not affect the pH of breast and thigh meat or the water holding capacity (WHC) of thigh meat, but the WHC of breast meat increased significantly (p<0.05) when birds were fed 40 OZ and 80 OZ. Results of a sensory analysis showed no differences among the dietary treatments. In conclusion, dietary OZ did not affect live performance or sensory properties of broiler chickens but did increase the WHC of breast meat and thickness of skin layers; thus, improving carcass quality in broiler chickens.
Introduction
Zinc is a trace mineral that is required for the normal growth, development and function of all living organisms. In chicken, zinc is needed for growth, feathering, skeletal development, immunity, meat yields, and carcass quality (Bonimi et al., 1983; Pinion et al., 1995; Stahl et al., 1989) . Zinc deficiency causes reduction in weight gain, poor bone mineralization, increases skin lesions and poor wound healing in chicken (Scott et al., 1982; Young et al., 1958) . El Swak et al. (1992) reported that wound healing was slower in zinc deficient rats than zinc supplemented rats. Moreover, zinc plays a vital role in the production of epithelial cells (Costa, 2005) , skin nucleic acid, keratin, and collagen synthesis (Miller et al., 1979) .
Collagen is the principle structural component of skin which is mainly responsible for the skin layer thickness and strength. Tensile strength of skin is highly correlated to skin tearing which is a costly problem in the broiler industry resulting in downgrades of broilers (Angel et al., 1985; Schleifer, 1988) . In severe cases frequency of skin tearing increases about 60% in a flock (Cahaner et al., 1993) and may cause muscle shredding of up to 5.7% in the female birds (Pitcovski et al., 1994) . Skin tears also allow carcasses to absorb additional moisture in the chill tank that may reduce shelf life of meat. The superoxide dismutase, one of the zinc-containing antioxidant enzymes, has a critical role in keeping broiler skin healthy and increasing the shelf life of broiler meat (Salim et al., 2008) . In addition, over the last few years, consumer demands regarding broilers with good quality skin have substantially increased in the markets.
Broiler carcass appearance is the major criterion of evaluation of meat quality and consumer purchase. However, other quality attributes, such as tenderness, cook loss, water holding capacity (WHC), pH and sensory properties are equally important during the preparation of meat and meat products (Cross et al., 1986) . Raw meat used in further processed products should have good functional properties to ensure a final product of exceptional quality and profitability.
Recently, a compound containing organic zinc (OZ), zinc proteinate, was made available to the feed industry. It has been reported that the addition of zinc proteinate as OZ to the diets of broilers could increase BW, feed intake, feed efficiency (Ao et al., 2009), and carcass quality (Salim et al., 2010) . In fact, organic minerals chelated to small peptides have much greater bioavailability through increased selective transport of peptides at the gut level (Webb et al., 2005) and reduced excretion through droppings (Bao et al., 2007 ). An experiment conducted in our laboratory has shown that dietary OZ was more effective than inorganic zinc in the improvement of skin zinc concentration and skin quality of broiler chickens (Salim et al., 2010) . Rossi et al. (2007) reported that a reduction in skin tearing was observed by the addition of OZ in the broiler diets which would improve carcass appearance. The authors also found that live performance, carcass and cut-up yield of broiler chickens were not influenced by various levels of dietary OZ. On the other hand, Hess et al. (2001) concluded that the influence of OZ on broiler chicken live performance, carcass bruising and foot pad quality appeared to vary with environmental conditions. However, various levels of dietary OZ supplementation effects on skin and meat quality attributes, and sensory properties of broiler chickens are not available. Thus, the present experiment was conducted to investigate the influence of supplementing diets with various levels of OZ on the live performance, meat quality, and sensory properties of broiler chickens.
Materials and Methods
Experimental birds, diets and treatments Three thousand and two hundred 1-d-old female broiler chicks (Ross × Ross 308) were randomly assigned to 16 rice hull-littered floor pens (replicates) with 200 chicks per pen (0.093 m 2 /bird). Continuous lighting was provided throughout the experimental period. The initial room temperature was 32°C, and reduced by 3°C each wk until 35 d of age. Chicks were allowed free access to feed and water throughout 5 wk feeding period. All procedures were approved by the Animal Care and Welfare Committee of Chungnam National University, Korea. As shown in Table 1 , a corn-wheat-soybean meal basal diet (Control) was formulated and 20 ppm OZ (20 OZ), 40 ppm OZ (40 OZ), and 80 ppm OZ (80 OZ) were added to the basal diet to give four dietary treatments. The basal diet was formulated to either meet or exceed the National Research Council requirements (NRC, 1994) except zinc, Table 2 .
Live performance
The BW and feed intake were measured by pen at weekly intervals. Feed conversion was calculated as the feed to gain ratio. Livability of bird was recorded daily and calculated as percentage within the pen. The European production efficiency factor (EPEF) was calculated according to the following formula (Peric et al., 2009):
Measurement of skin layer thickness At the end of the feeding trial, one broiler chicken from each pen, close to the mean BW, was selected and killed by cervical dislocation. Then about 1 cm 2 of skin samples from the outer side of left and right thigh and the pelvic back region of each broiler chicken were collected. The samples were fixed in 10% neutral formalin (pH 7.4), dehydrated in a graded series of ethanol and embedded in paraffin, after which 4-µm-thick sections were stained with hematoxylin and eosin. Thickness of skin layers (epidermis and dermis) were examined (×100) under a light microscope (Olympus Co. Ltd., BX 50, F-3, Japan) with a camera (Focus Light, Version 2.88). Only the thinnest part of the skin layer was measured on each of skin replicates from a treatment.
Sample collection for carcass evaluation At the end of the feeding trial, two broiler chickens from each pen, close to the mean BW, were weighed, exsanguinated by cutting the jugular vein, scalded, plucked, and eviscerated manually. Meat samples were collected and stored about one mon at -20°C in a deep freezer (Sanyo Electric Co., Ltd. MDF-492, Japan). Vacuumpacked meat samples were thawed by heating for 20 min at 35°C in a water bath and the WHC, pH, and sensory evaluation were performed.
Determination of water holding capacity (WHC)
The centrifugation method was performed for the determination of WHC of breast and thigh meat as described by Kristensen and Purslow (2001) with some modifications. One gram of ground meat was placed on a round filter paper (No.4, Whatman Ltd. UK). The filter paper with meat was put into centrifuge tubes (Mobicols from MoBiTec, Göttingen) and centrifuged (CR 20B2, Hitachi Koki Co., Ltd., Japan) at 6,710 g for 10 min. The released water content was measured and calculated as percentage of the initial moisture content of meat.
Determination of pH
One gram each of ground breast and thigh meat was homogenized in 900 µL of distilled water and then centrifuged (CR 20B2, Hitachi Koki Co., Ltd. Japan) at 3,000 g for 15 min. The sample was placed on a round filter paper (No.4, Whatman Ltd. UK) and the pH of the homogenate was measured using a pH meter (Model 750 P, ISTEC, Seoul, Korea).
Sensory analysis
Sensory panel tests were carried out for the cooked breast and thigh meat without skin. Ten panelists were selected from the meat science laboratory of our department and all had experience in poultry meat sensory analysis. Criteria for selection were: age between 20 to 40 years, not allergic to chicken, consumption of chicken at least once a wk, and willingness to evaluate meat from experimental chickens. Chicken breast and thigh meat contained in the air tied vinyl bags were thawed by heating for 20 min at 35°C in a water bath. The bags were then opened and pieces of meat (30 g each) were placed in screw-capped flasks. These were heated at 75°C for 20 min in a 177°C electric oven and served to the panelists. Samples from all dietary treatments were randomly presented to each panelist in one session. They were asked to rank the meat samples using a 9-point category hedonic scale (1 = dislike extremely; 5 = neither like nor dislike; 9 = like extremely) (Peryam and Girardot, 1952) . Sensory analysis included seven characteristics such as color, odor, taste, tenderness, juiciness, flavor, and acceptability. Water and unsalted crackers were provided to clean their plates between samples.
Statistical analyses
Data from the experiment were analyzed by one-way ANOVA using the General Linear Models procedure of the Statistical Analysis System (SAS, 2003). Pen means were used as the experimental units for all variables evaluated. When significant (p<0.05), treatment means were compared using the Duncan's multiple range test procedure.
Results and Discussion
During the entire feeding trial period no significant differences were observed among treatments for any performance parameter or EPEF measurements of birds (Table  3) . A numeric, but not significant, difference in feed conversion was observed only for the broilers fed OZ 80 at 35 , indicated that growth performance, leg abnormalities, and carcass yields were unaffected when dietary zinc were provided in excess of the NRC (1994) recommendations of 40 ppm. However, the actual zinc concentrations in the supplemented groups of the present experiment were 54.56, 74.06, and 113.66 ppm, which was higher than the NRC (1994) recommendations.
The back skin epidermis and dermis thickness were not influenced by OZ supplementation, but the thickness of thigh skin epidermis was significantly increased (P < 0.05) in OZ 80 as compared with Control and OZ 20 (Table 4) . Moreover, significant increases (P < 0.05) in thigh skin dermis was observed in response to various levels of OZ supplementations (Table 4 ; Fig. 1 ). Another study conducted in our laboratory has shown that dietary OZ supplementation significantly increased the tibia and back skin dermis thickness of broiler chickens (Salim et al., 2010) . The authors also reported that the epidermis of tibia and back skin were not affected by the zinc supplementation, which is not in agreement with the thigh skin epidermis data of the present experiment. However, Rossi et al. (2007) observed that the number of epithelial cell layers was increased with increasing levels of OZ in the diet of broiler chickens. Zinc is necessary for the production of epithelial cells (Costa, 2005) , the first barrier to infection (Johnson et al., 2001) . Zinc also plays a role in collagen synthesis (Leeson and Summers, 2005) and the thickness of the dermis layer depends on the collagen content in the skin. Normally, the skin has two main layers; a) epidermis which is covering the exterior surface of the body, and b) the deeper layer called the dermis which is mainly composed of connective tissue, collagen. Collagen is the principle structural protein of skin and is responsible for the skin strength in a variety of species (Harkness, 1971; Fjolstad Table 2 2
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Means with different superscripts in the same column differ significantly (p<0.05).
and Helle, 1974). Rossi et al. (2007) reported that collagen content of skin was increased when birds fed higher levels of OZ. Similarly, a previous study conducted in our laboratory has shown that dietary OZ supplementation significantly increased the collagen contents in the back skin of broiler chickens (Salim et al., 2010) . Therefore, the thicker epidermis and dermis layers may be due to increased production of epithelial cells and collagen content in the skin, and more developed skin layers may indicate healthy broiler skin with good appearance of carcass. Dietary OZ levels did not affect the pH of breast and thigh meats, and WHC of thigh meat, but the WHC of breast meat increased significantly (p<0.05) when birds fed OZ 40 and OZ 80 ( Table 5 ). The pH and WHC are considered to be important characteristics in evaluating meat quality. Generally, the pH value directly reflects meat acid content, and affects shear force, drip loss, and color of meat. Muscle pH is also related to glycogenolysis, and increased catecholamine secretion in response to an acute stressor just prior to slaughter.
The WHC can affect the taste, tenderness, color, fragrance, and nutrient content of meat and meat products (Tian and Yu, 2001 ). Lower WHC in meat can increase intracellular fluid out flow, loss of soluble nutrients and flavor. It also reduces the juiciness of the cooked product and makes unfavorable appearance of packaged meat. Saenmahayak (2007) reported that WHC of breast meat was not significantly influenced by different sources of zinc which is not agreement with the present study. The author also indicated that a numerical trend of improvement of WHC of breast meat was observed when birds fed various ratios of supplemental manganese versus zinc (Saenmahayak, 2007) . Zinc act as an antioxidant (Rostan et al., 2002 ) that can reduce oxidation in the muscle tissue. Increased levels of oxidation can damage cell membranes, reducing their integrity and allowing seepage of intracellular fluids. Therefore, increased WHC of breast meat in the present experiment may be due to the antioxidant capability of zinc (Aksu et al., 2010; Rostan et al., 2002) , and further research is needed to draw a conclu- The effects of OZ supplementation on sensory properties (color, odor, taste, tenderness, juiciness, flavor, and acceptability) of breast and thigh meat were shown in Table 6 and Table 7 . There were no significant differences in sensory properties of breast and thigh meats among all treatments. Bou et al. (2004) reported that zinc supplementation showed no effect on consumer acceptability and 2-thiobarbituric acid (TBA) values of cooked dark chicken meat after 5 mon of storage at -20°C. Similarly, in a later study, Bou et al. (2005) also found that zinc supplementation did not affect the sensory quality or TBA values for either storage time. Therefore, our sensory analysis data are consistent with these studies conducted by Bou et al. (2004 and 2005) . It is concluded that dietary OZ does not affect live performance and sensory properties of broiler chickens, but increases WHC of Table 2 . Means with different superscripts in the same column differ significantly (p<0.05). Values are expressed as (means±SD; n = 10). Table 2 .
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breast meat and skin layer thickness. The thickened skin layer could improve skin strength and shelf life of meat, thereby improving meat quality of broiler chickens.
